" autovaccine " included in the basic treatment regime at the Ringberg Klinik-see Issels (1970) ), revives the original observations of Busch (1866) and other workers (Bruns, 1888; Gerster, 1892) , who noted that patients suffering from neoplastic disease often had a regression of both primary and secondary tumours followiing an attack of erysipelas or other severe pyrexial infection. Remissions were described in patients with a variety of tumours including neoplasms of the breast, face, cervical region, malignant melanoma, penile tumour, periosteal sarcoma, lymphosarcoma, ovarian and uterine carcinoma. Coley in 1893 treated cancer patients with a " toxin " (consisting of a crude filtrate from a culture of haemolytic streptococcus and B. prodigiosus) and observed that sarcoma responded more readily to the induced hyperthermia than carcinoma. A critical and detailed case analysis of 30 inoperable and histologically confirmed tumours, which regressed completely following toxin therapy by Coley, has been pubhshed (Nauts et al., 1953) ; there was recurrence of the cancer in only one of the patients, some of whom were examined at follow-up clinic for almost 50 years. Althougb Coley continued to use commercial preparations of his pyrogenic fluid for the treatment of cancer until his death in 1936, the toxin was rarely, ff ever, standardized biologically and consequently its effects were inconsistent and capricious.
Successful treatment with the bacterial products led to tumour haemorrhage and necrosis, and in the early 1940s Shear and his group attempted to isolate the pyrogenic and tumour-necrotizing substance and devise a method of bioassay to standardize its potency (Shear and Perrault, 1944) . The toxin was characterized as a high molecular weight polysaccharide, but its effect on transplantable sarcoma 37 in mice was too unpredictable for this animal system to be used for standardization. Although greatly purified preparations of bacterial polysaccharides capable of inducing pyrexia and tumour necrosis have been obtained (Creech et al., 1948) , the high toxicity of such extracts has discouraged extensive clinical studies (Reimann and Nishimura, 1949) .
In 1968 a project was instituted to investigate the effects of hyperthermia on the metabolism and growth of the VX2 rabbit carcinoma. Respiration and glycolysis were studied as indices of cell metabolism, in association with a dye uptake test for cell viability, and tumour growth rate was followed by in vivo volumetric measurements. Externally applied heat has been employed to elevate tumour temperature, and the experimental animal system is being used to investigate the potential and possible application of this method in the treatment of primary and metastatic malignant disease in man.
MATERIALS AND METHODS
The VX2 tumour is an anaplastic, squamous cell carcinoma that developed as a result of malignant change in the cells of a Shope virus-induced skin papilloma of a domestic rabbit (Kidd and Rous, 1940 (see Mendelsohn, 1963) .
The tumour was excised from the rabbit's hind limb under nembutal anaesthesia (0-6 c.c./kg. body wt., IV) and placed in Ca++-and Mg++-free Rinaldini solution (Rinaldini, 1959) at 4' C. The tumour was finely minced, washed with cold Rinaldini solution to remove debris and blood cells, and placed in a 50 ml. flask with a magnetic stirrer. The tumour was then disaggregated into a unicellular suspension using 30 ml. Rinaldini solution containing 1% trypsin (Difco I : 250), 0-01 % deoxyribonuclease (DNase grade 11, Seravac) with its activator Mg++ (Mg S04, 0-01 %) and penicillin (100 units/ml.). After stirring at 37' C.
for 20 minutes in this solution, the suspension was filtered through an 80 mesh stainless steel sieve followed by a 200 mesh sieve and centrifuged at 200 X g for 5 minutes. The cell pellet was washed in Waymouth culture medium containing 10% pooled human AB serum. The cells were resuspended in fresh medium, counted on a haemocytometer and assessed for viability using trypan blue dye (Hoskins et al., 1956) 
RESULTS
The 02 uptake in vitro of VX2 cell populations from 8 different tumours was significantly depressed (P < 0-001) after I hour at 42' C. compared to the 02 iiptake in equivalent control populations from the same tumour maintained at 37-5' C. (Fig. 1) . Normal rabbit liver, kidney and red blood cells showed no depression of 02 uptake at 42' C. (all 3 tissues from 6 different animals were examined). Anaerobic glycolysis of the tumour cells (6 tumours studied) was unaffected by the increased temperature. At 42' C., there was a marked and progressive decrease in viability of the tumour cells with time, as assessed by dye uptake, and this decrease was significant after the first hour (Fig. 2) Eight rabbits with established tumours (5 weeks after inoculation) were treated with local hyperthermia (tumour temperature 42-43' C., flank temperature 40-41' C.). There was a significant reduction in tumour volume (P < 0-001) compared to 10 unheated tumours 2 weeks after heating (Fig. 3) , and although 4 of the heated rabbits died after 10 weeks from lung metastases, the primary tumours were reduced in size at time of death by a mean of 60% compared with tumour size at 5 weeks.
There were rapid and striking changes in the histology of the tumours following heat treatment. In the untreated tumour the cells form sheets and irregular masses, separated by a fine connective tissue stroma (Fig. 4) . The tumour cells are polygonal with deeply staining cytoplasm, and mitotic figures are numerous (Fig. 5) . Twenty-four hours after the third heat apphcation the tumour showed widespread necrosis, with pyknosis, karyorrhexis and cell lysis (Fig. 6) . Intense fibroblast and macrophage activity then occurred (Fig. 7) with subsequent replacement of the tumour architecture by connective tissue, in which no cancer cells could be identified (Fig. 8) 
DISCUSSION
Hyperthermia produced selective and irreversible damage to the VX2 tumour cells both in vitro and in vivo. Cell respiration was inhibited after heating for I hour in vitro, and the cells failed to produce tumours after 2 hours applied heat. It was possible to produce a more rapid inhibition of respiration in the VX2 cells by temperatures above 42' C.
That 50% of the tumour cells remained unstained by trypan blue after 2 hours heating may indicate that the biochemical processes coneemed with maintenance of membrane integrity in the VX2 cells are less sensitive to damage than is respiration under these conditions. A similar discrepancy between the results of bioassay and those obtained by dye exclusion has been reported recently for L1210 leukaemia cells subjected to 43' C. (Giovanella et al., 1970) . After 2 hours hyperthemia 15% of the cells were umtained, but injection of I x 104 heated cells into mice caused no deaths; in the L1210 leukaemia mouse bioassay system a single viable cell can cause death (see Giovanella et al., 1970) . It is of note that although the exclusion of vital dyes can be regarded as a reliable method for assessing viability in cell suspensions under normal conditions (see Dickson, 1970) , the technique has been found to be of doubtful value for measuring growth potential of cells stored at low temperatures (Schrek, 1965) . Interpretation of the results of dye uptake tests on cells subjected to extremes of temperature requires caution therefore, and exclusion of dye is not necessarily equated with cell viability.
Despite the oft-cited importance of both aerobic and anaerobic glycolysis in cancer cell metabolism (Busch 1962; Pitot 1966) , and the specific positive correlation between anaerobic glycolysis and growth rate in hepatomas (Burk et al., 1967) Recent work in man has show-n that hyperthermia, achieved by regional perfusion (Cavahere et al., 1967; Stehlin, 1970) (Cavaliere et al., 1967) . The use of hyperthermia for the treatment of cancer, although of undoubted effectiveness in the cases reported to date, has involved considerable hazard to the patient. The VX2 carcinoma is a rapidly growing and metastasizing tumour which is a convenient model in which to study the effects of high temperature therapy for cancer, with a view to evolving a satisfactory method of inducing hyperthermia for apphcation to human neoplasms. The value of combined hyperthermia, radiotherapy and chemotherapy is also under study.
